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Abstract 
Chemical wet-etching is a standard technique for microelectrode arrays (MEA) fabrication. However its manufacturing 
reproducibility continues to be hindered by its dependence on several process parameters. Following previous works on 
aluminum-based MEA fabrication [1], this paper provides the first insight on a parametric study of the wet-etching process for an 
aluminum neural MEA. By playing around with some process parameters, one can achieve more homogeneous shafts with 
vertical or pyramidal profiles. High width uniformity (96%) along the high-aspect-ratio shafts was accomplished through the 
introduction of a sacrificial frame around the array. At the same time, the new fabrication approach transforms vertical square 
shafts into sharpened shafts with pyramidal geometries. Through fine control of the etching dynamics, different shafts geometries 
are feasible, allowing customized neural MEA designs for each application. 
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1. Introduction 
Nowadays MEA are fabricated in a number of ways, resulting in several designs for different neural 
applications [2]. The fabrication of these devices should be compatible with large-scale manufacturing solutions and 
therefore, a simple and highly reproducible process is always sought. One commonly used fabrication method for 
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MEA’s shaping is chemical wet-etching. This method has been used with the purpose of creating sharp 
microelectrode shafts [3,4] or simply to reduce the microelectrodes dimensions [5]. More complex approaches 
include a two-step wet-etching process to produce the final sharp and tapered shafts in the array [6–8].  
We have previously [1] presented a fabrication method for an aluminum-based high-aspect-ratio electrode matrix, 
where a wet-etching step is performed with twofold purpose: remove aluminum debris from the shafts surface and 
decrease its’ cross section. However, we noticed that the etching process produces shafts with poor width uniformity 
along the array. Fig. 1 shows the 3D and lateral views of the 6x6 matrix proposed. In this paper we explore the 
chemical wet-etching dynamics on aluminum-based MEA in order to increase width uniformity. 
 
 
Fig. 1. (a) 3D photo of a 6x6 MEA; (b) Lateral view of the electrode matrix after 60 min of wet-etching at 50 qC. 
2. Methods 
The developed neural MEA consists of 36 sharp and 3 mm deep electrode probes constructed using a 99% pure 
aluminum substrate. The two major techniques to pattern the array were a combination of dicing and chemical wet-
etching. Fig. 2 shows the process flow in the MEA fabrication. The dicing stage comprises a cutting plan to 
delineate and to shape the wafer in order to establish the structural shape of the intended electrode array matrix. All 
the cutting steps were performed on a Disco DAD 2H/6T dicing machine, equipped with Disco ZHDG blades 
capable of performing 3 mm deep, 0.250 mm wide cuts and V-shaped grooves. The etching tests were performed 
using a TranseneTM type-
a recipient with 17 ml of etchant. The initial shafts’ cross section is 250 Pm.  
 
 
Fig. 2. Fabrication steps. (a) Pads region delimitation in aluminum substrate; (b) Pads’ grooves filling with epoxy resin; (c) Shafts cutting stage 
with a 600 Pm space between shafts; (d) Wet-etching process in order to remove the aluminum debris and shape the shafts. 
3. Results and Discussion 
3.1. Vertical profile  
The chemical wet-etching evolution in the 6x6 electrode matrix can ben seen in Fig. 3a and 3c. After 30 min 
under etching, all the aluminum debris is removed from the array, as well as the shafts’ cross section are decreased. 
However, poor width uniformity along the array is obtained. After 60 min of etching (Fig. 3b), the shafts’ width 
variation along the array reaches up to 31% between central and edge shafts (Fig. 4a). In MEA with a larger number 
of shafts, the width variation effect is more pronounced, which could hinder the batch manufacturing of these 
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devices. For example, a 12x12 matrix that undergoes 60 min of wet-etching, could reach a width variation up to 
57% between central and edge shafts.  
Along the shaft’s body, the corrosion rate is mostly constant, with a maximum width variation of 14% between 
the electrode tip and base. The higher corrosion rate from a center shaft (Fig. 4b) is constant along its body 
(2.8 , with a maximum error of 7.78%), producing high-aspect-ratio electrodes (13:1) with vertical profiles. 
 
 
Fig. 3. Vertical profile at top and pyramidal geometry at bottom. (a) and (c) Lateral and (b) and (d) top view of the shafts undergo wet-etching. 
3.2. Pyramidal profile  
In order to reduce the width non-uniformity, it was added to the matrix one sacrificial frame in each side of the 
array. After the dicing step to create the square wide shafts, the frame leaves aluminum “tails” and corner posts 
(Fig. 3d). The etching process of this MEA configuration improves the uniformity of the shafts’ width (Fig. 4c) up 
to 96% (versus the 69% from the previous arrangement) and also a pyramidal profile is produced. This pyramidal 
profile is due to anisotropic corrosion in the shaft’s body. The etching rate for this profile after 60 min is 
3.2   center and base of the shafts, respectively. This technique is 
an alternative to the tapered shafts formation [3,4], in which there is the need to control the height at the etchant-
electrode interface to create sharp tips. The sacrificial frame configuration has previously been implemented in a 
silicon neural MEA fabrication [6], but in order to achieve sharp and rounded shafts, a two-step etching is required, 
while ours only needs one step. 
 
 
 
Fig. 4. Shafts’ width measurements. (a) Before and after 60 min of wet-etching from an array center column; (b) Variation during etching. The 
; (c) Before and after 60 min of wet-etching with a sacrificial frame. The width variations are 
reduced to 4% between central and edge shafts. 
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Fig. 5 shows the average width distribution along the shafts’ body for both profiles. 
 
 
Fig. 5. Shafts’ width average dimensions in both vertical and pyramidal profiles. In the vertical profile a slight width variation (14%) occurs 
along the shaft. This phenomenon occurs more severely in the pyramidal profiles, where width variation along the shaft reach up to 51%. 
 
4. Conclusion 
In this paper, it was accomplished high-aspect-ratio electrodes with higher width uniformity and pyramidal 
geometries, which avoids other techniques to sharpen the electrodes’ tips. The major advantage of the chemical wet-
etching is it's simplicity and cost-effectiveness when compared with dry etching techniques. Once the parameters are 
set, this method offers high reproducibility and also is capable of achieving several geometries with different 
electrode array designs. This represents a good solution to the MEAs microshaping, suitable for different bio-
applications. 
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